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CALIFORNIA MUNICIPAL WASTEWATER RECLAMATION
IN 1987

I. INTRODUCTION

California is facing an increasing water shortage. In 1985, the net
annual water demand was 34.2 million acre-feet. A deficit of 2.0 million
acre-feet in reliable supplies was met by overdrafting ground water. It is
estimated that by the year 2010 the net demand will be 35.6 million acre-feet
with the annual deficit increasing to about 2.3 million acre-feet. This
assumes normal rainfall and completion of some of the currently proposed
state and federal water development projects [1]. Increasing difficulties
are being encountered in the development of new surface water supplies to
meet the demand. The need to consider and develop long-term alternatives for
water resources management is paramount in light of the increasing water
shortage. Especially in the last decade wastewater reclamation has received
much attention as a viable contribution to our water resources.

Hastewater reclamation is not new; the beneficial use of wastewater has
been a practice in California since the 1890's, when raw sewage was in use on
"sewer farms". Since then there has been a steady increase in reuse,
amounting to over 266,000 acre-feet/year in 1987. OQOver the years various
surveys have been conducted that have documented the increase, the last
published survey covering the year 1977.

The purpose of this report is to provide detailed information and data
on the planned reuse of treated municipal wastewater that occurred in 1987 in
California. The data are derived from a comprehensive survey of municipal
and other wastewater treatment plants. The survey was conducted in 1988 and
1989 by the Office of Water Recycling of the California State Water Resources
Control Board (SWRCB). This report includes survey findings, a comparison
with previous surveys, information on new wastewater reclamation projects
since 1987, and survey procedure. Appendices contain the survey
questionnaire, a list of all known municipal wastewater reclamation
facilities, wastewater treatment requirements for reuse, a list of
abbreviations used in this report and tables of conversion for units of
measure. Unless otherwise noted, all data reported apply to the year 1987.

Terms regarding wastewater reclamation are not consistently used in the
titerature. Thus, the following definitions are used in this report:

"Reclaimed water" means water which, as a result of treatment of waste,
is suitable for a direct beneficial use or a controlled use that would
not otherwise occur [as defined in California Water Coude, Section
13050(n)].

"Water or wastewater reclamation" includes the process of treating
wastewater to produce water for beneficial use, the storage and
distribution of reclaimed water to the place of use, and the actual use
of reclaimed water.



"Planned reuse" is the deliberate direct or indirect use of reclaimed
water without relinquishing control over the water during its delivery.

"Direct reuse" is use of reclaimed water that has been transported from
a wastewater treatment plant to a reuse site without passing through a
natural body of either surface or ground water.

“Indirect reuse" is the use of reclaimed water indirectly after it has
passed through a natural body of water after discharge from a wastewater
treatment plant.

"Municipal wastewater”, for purposes of this report, is wastewater of
domestic origin and of commercial, industrial, and governmental origin
if such wastewater is commingled with domestic wastewater prior to
treatment.

Planned ground water recharge with reclaimed water is considered in this
report as a type of reuse, even though it is more correctly considered as
only a temporary storage before actual indirect reuse takes place upon
extraction from the ground. The percolation of effluent through rapid
infiltration, as in ponds, intended primarily as a method of wastewater
treatment and disposal, is not considered planned reuse. Unplanned indirect
reuse of effluent percolated in stream beds constitutes a significant
component of ground water supply for some communities, but this type of reuse
is not within the purview of this report.

A distinction is made between land application of wastewater for the
purpose of treatment or disposal and land application that results in water
reclamation and reuse. These two categories are not mutually exclusive and
are frequently overlapping. Land application is considered wastewater reuse
as long as an intentional benefit results from the use of the reclaimed
water. Beneficial uses may include, for example, irrigation of pasture or of
crops that are harvested. Thus, insofar as a beneficial use is being
derived, land treatment or disposal of wastewater is considered water
reclamation, even though fresh water may not be replaced and irrigaticn
methods may not be efficient with respect to crop needs.

In-plant use of treated effluent at wastewater treatment plants is
common practice, such as for backwashing of filters, wash-down of equipment,
and on-site landscape irrigation. The amounts used for in-plant purposes are
often not measured and were only sporadically reported by the survey
respondents. Thus, the amounts of treated wastewater used for in-plant reuse
are not included in the data presented in this report, except for the
separate discussion on in-plant reuse in Section II.



I1. SURVEY FINDINGS

It was found from the survey that at least 266,559 acre-feet of
municipal wastewater were beneficially reused in California in 1987. (As
explained in Section V, perhaps as much as 2,000 acre-feet may be missing
from this number.) Adjusting previously published data on wastewater
production by population growth [2, 3], total municipal wastewater produced
in California is estimated to have been between 3.4 and 3.9 million acre-feet
in 1987. Thus, around 7 to 8 percent of municipal wastewater production was
put to beneficial use. Other findings of the survey reported in this section
include the distribution of reclaimed water amongst types of reuse and
regions, freshwater savings, the value of the reclaimed water, levels of
wastewater treatment provided, and in-plant reuse. A summary table of data
collected on each water reclamation plant and user is presented in Appendix
B. Other data were also collected, which cannot be conveniently presented in
this report. The kinds of data collected are evident in the questionnaire
used in the survey, which is shown in Appendix A. Also, some data were
collected from respondents that did not fit within the scope of this report.

Types of Reclaimed Water Use

It was found that 200 water reclamation plants produced reclaimed water
for distribution to at least 854 discrete use areas in 1987. Perhaps as many
as 10 plants may be missing from these data. Also, the actual number of use
areas was slightly higher because some use areas were consolidated as single
users in reporting, such as several schools for a single school district.
Reclaimed water has a wide variety of applications. The types of reuse are
summarized in Table 1 and Figure 1. Much of the attention focused on
reclaimed water over the last decade has been for its use in an urban
context, such as for landscape irrigation, and its potential for ground water
recharge. Nevertheless, the historical application for agricultural purposes
continues to dominate, amounting to 63 percent of the total reclaimed water
used in 1987.

Detailed descriptions of types of reclaimed water applications are
provided in Appendix B. Some of the more uncommon uses are toilet flushing,
fire protection, and leaching of soil salinity from agricultural fields. The
largest industrial application of reclaimed water was for paper
manufacturing. Other significant industrial uses were power plant cooling,
watering of log decks, and cooling water in a steel manufacturing plant. One
unique use was for cooling of a rocket testing platform. At least 20
different food crops were irrigated with reclaimed water, as well as at least
11 other crops and nursery products, as shown in Table 2.

Geographic Distribution of Reuse

The geographic distribution of reclaimed water use is shown in Table 3.
The regions used for the distribution are the jurisdictional boundaries of
the California Regional Water Quality Control Boards, which generally follow
the major watersheds of the state, as shown in Figure 2. The Central Valley
Region, also referred to as Region 5, is further broken down into the areas
served by the three offices of that Regional Water Quality Control Board. As
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Tabte 1
TYPES OF RECLAIMED WATER USE, 1987

Use Areas Volume of Reclaimed Water

Type of Reuse Percent Percent
Number | of total Acre-feet/yr | of total

Agricultural Irrigation:

Harvested feed, fiber and 41 4.8 61,480 23.1
seed crops

Pasture 56 6.5 20,175 7.6
Orchards and vineyards 11 1.3 5,037 1.9
Tree crops (Christmas trees, 4 0.5 75 <0.1
firewood, pulp, etc.)

Nursery and sod crops 10 1.2 3,591 1.3
Food crops 5 0.6 3,780 1.4
Mixed, other or unknown types of 113 13.2 72,179 27.1

agricultural preducts

Landscape Irrigation:

Schools, playgrounds, parks where 57 6.7 3,304 1.2
Title 22 tertiary effluent required

Freeway and highway landscape 17 2.0 870 0.3
Golf courses (including golf course 63 7.4 15,197 5.7
impoundments)

Mixed, other or unknown types of 433 50.7 11,464 4.3

landscape, (including street landscape,
slope cover, parks where tertiary
effluent not required)

Landscape Impoundments (excluding golf 1 0.1 2,802 1.1
courses}

Recreational Impoundment 4 0.5 6,905 2.6

Wildlife Habitat Enhancement, 5 0.6 9,773 3.7
Wetlands

Industrial Reuse:

Cooting water 5 0.6 1,162 0.4
Process water 2 0.2 4,398 1.6
Construction, dust control, washdown 4 0.5 256 0.1
Other or unknown types of industrial 1 0.1 218 0.1
reuse

Ground Water Recharge 7 0.8 38,585 14.5

Miscellaneous or unknown types 15 1.7 5,308 2.0
of use or mixed types of above uses

Total 854 100.0 266,559 100.0
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Figure 1. TYPES OF REUSE IN 1987

Table 2

TYPES OF CROPS IRRIGATED
WITH RECLAIMED WATER

Food Crops Non-food Crops
apples corn alfalfa
asparagus rapes Christmas trees
avocados ettuce clover
barley peaches corn
beans peppers cotton
broccoli pistachios eucalyptus trees
cabbage plums flower seeds
cauliflower squash hay
celery sugar beets sod
citrus wheat trees

vegetable seeds
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Table 3

REGIONAL DISTRIBUTION OF WATER RECLAMATION PLANTS,
RECLAIMED WATER USE AND RESULTING
FRESHWATER SAVINGS, 1987

Number of Freshwater Total Reclaimed Water Use
water Savingsd,
Region Reclamation | acre-feet/yr Volume, Percent
Plants acre-feet/yr of total
1: fHorth Coast 16 11,549 13,016 5
2: San Francisco Bay 18 3,899 11,010 4
3: Central Coast 15 5,895 6,141 2
4: Los Angeles 20 59,300 60,257 23
5: Central Valley:
5F: Fresno 33 74,486 82,997 31
ER: Redding 6 567 792 <1
BS: Sacramento 33 25,910 32,077 12
6: Lahontan 17 6,138 18,024 7
7: Colorado River Basin 7 6,314 9,076 4
8: Santa Ana 18 26,473 27,280 10
9: San Diego 17 4,186 5,889 2
Total 200 224,717 266,559 100

2 amounts of reclaimed water use reported to be replacing freshwater use.

would be expected, most of the reclaimed water use is in the Central Valley
and the south coastal regions, amounting to 78 percent of the reclaimed water
produced in California. The coastal areas from Santa Barbara County north
and the desert and eastern Sierra Nevada regions used the remaining 22
percent. The Central Valley is dominated by agriculture, which is a readily
accessible market that can use reclaimed water receiving relatively low
levels of treatment. About half of the state's population resides in the
south coastal regions of 4, 8 and 9. The dependence of the south coastal
area on expensive imported water has created a higher demand for alternative
sources of water, such as reclaimed water. However, despite a large
metropolitan water demand in San Diego area, only 2 percent of reclaimed
water use occurred there. Reuse has been approached cautiously in the San
Diego area due to the concern of degrading small confined aquifers with
excessive salts. Amendments to basin plans are currently being adopted by
the Regional Water Quality Control Board of the San Diego Region, which are
expected to result in a marked increase in the use of reclaimed water.

Size Distribution of Reclamation Systems

The size distribution of water reclamation systems is shown in Table 4.
For the purpose of determining size distribution, a system is considered all
of the water reclamation facilities related to a particular wastewater
treatment plant. The measure of size is the total annual reclaimed water
deliveries from each wastewater treatment plant. System sizes ranged from
0.6 acre-feet to 19,856 acre-feet delivered in 1987. Half of the total
amount of reclaimed water was delivered by only a dozen of the state's 200
treatment plants, as listed in Table 5. While most systems have only one or
two reclaimed water users, a few have quite elaborate pipeline distribution
systems. Amongst the largest are the Irvine Ranch Water District, which had
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Table 4

SIZE DISTRIBUTION OF
WATER RECLAMATION SYSTEMS

Statewide Reclaimed
Range of System Wastewater Treatment Plants Water Deliveries
Reciaimed Water
Deliveries,
acre-feet/yr Percent Total, Percent
Number of Total | acre-feet/yr } of Total
0- 2,500 173 86 79,811 30
>2,500 - 5,000 15 8 53,780 20
>5,000 - 7,500 3 2 16,819 6
>7,500 - 10,000 4 2 35,502 13
>10,000 - 12,500 0 0 0 0
>12,500 - 15,000 2 1 28,086 11
>15,000 - 17,500 2 1 32,705 12
>17,500 - 20,000 1 <1 19,856 8
Total 200 100 266,559 100
Table 5

MAJOR WATER RECLAMATION SYSTEMS

Reclaimed Water
Wastewater Treatment Plant Name Deliveries,
acre-feet/yr

1. San Jose Creek WRP 19,856
2. City of Bakersfield WIP #2 16,830
3. Whittier Narrows WRP 15,875
4. (City of Modesto 14,390
5. Fresno-Clovis Metropolitan Area Regional 13,696
Wastewater Facilities
6. Pomona WRP 9,598
7. Laguna TP 9,339
8. Michelson WRP 8,740
9. City of Bakersfield WIP #3 7,826
10. City of Tulare WPCF 6,248
11. Lancaster WRP 5,486
12. South Tahoe PUD STP 5,085
Total 132,969
Percent of Statewide Tota) 50




151 users in 1987, Las Virgenes Municipal Water District (133 users), Santa
Margarita Water District (84 users), Los Alisos Water District (66 users),
County Sanitation Districts of Los Angeles County (39 users at the Pomona
plant and 25 users at the Long Beach plant), City of Santa Rosa (39 users at
the Laguna plant), and Tuolumne Regional Water District (33 users receiving
effluent from both the Sonora Regional and Jamestown Sanitary District

plants).

Some agencies, either on their own or in cooperation with water
districts or other water purveyors, have played a major role in developing

the use of reclaimed water.

plant producing reclaimed water for planned reuse.
wastewater treatment facilities, a dozen agencies provided 60 percent of the
reclaimed water used statewide, as listed in Table 6.

Table 6

Some of these operate more than one treatment

Among agencies operating

MAJOR RECLAIMED WATER PRODUCING AGENCIES

Number | Reclaimed Water
Agency of Deliveries,
Plants acre-feet/yr
1. County Sanitation Districts of 8 53,728
Los Angeles County
2. City of Bakersfield 2 24,656
3. City of Modesto 1 14,390
4, City of Fresno 1 13,696
5. Eastern Municipal Water District 5 10,087
6. City of Santa Rosa 2 9,501
7. Irvine Ranch Water District 1 8,740
8. City of Tulare 1 6,248
9. South Tahoe Public Utility District 1 5,085
10. City of Visalia 1 4,861
11. Las Virgenes Municipal Water District 1 4,402
12, Mount Vernon Sanitation District 1 4,247
Total 25 159,641
Percent of Statewide Total 12 60




Freshwater Savings

While reuse in California has always been supported because of the arid
and semi-arid conditions in the state, historically its application generally
has been motivated as a cost-effective means of wastewater treatment and
disposal. Many communities had and still have access near wastewater
treatment plants to land suitable for irrigation of crops or pasture. In
many cases, agricultural irrigation requires less wastewater treatment than
surface water discharge, and in some cases, farmers are willing to pay for
the reclaimed water. Thus, agricultural irrigation has been the dominant use
of reclaimed water. However, due to drought and long-term water shortages in
California, water reclamation and conservation have received significant
emphasis in recent years, both in state policy and local water supply
planning. Many new projects in the last thirty years have been implemented

with water supply benefits primarily in mind.

In this survey the Office of Water Recycling attempted to ascertain
whether pollution control or water supply considerations were the primary
motivation behind each water reclamation system. Each system was classified
as pollution control or water supply according to a judgment based on several
factors:

1. Pollution control would be indicated by prohibitions on waste
discharge; more stringent requirements for wastewater treatment
before discharge than before reuse; low levels of treatment
provided; marginal uses of reclaimed water (especially pasture
jrrigation); reuse occurring on site owned by treatment plant
operator; provision of reclaimed water at no charge or, in some
cases, payment to users to take the reclaimed water; or lack of

freshwater savings.

2. Water supply would be indicated by lack of any unusual treatment or
discharge constraints, other facilities being available to dispose
of all effluent if reuse did not occur, higher levels of treatment
provided for reuse than for alternate disposal, or freshwater
savings present.

Survey respondents were asked to indicate for each user of reclaimed water
whether it were likely that fresh water would be used if reclaimed water were
not available. Thus, it is possible to estimate with reasonable certainty
the amount of freshwater savings resulting from the use of reclaimed water.
The freshwater savings are reported in Tables 2 and 6 and the classification
of systems by motivating factor is summarized in Table 7.

A prohibition against discharge to a surface stream for at least some
period of the year was in effect at 133 of the 200 plants. Most of the 133
plants were classified as pollution control systems. However, 18 were
classified as water supply because, without wastewater reclamation,
evaporation-percolation ponds or ocean disposal were available to dispose of
effluent. Other data did not indicate that reclamation was implemented at
these 18 plants as the cost-effective means of treatment or disposal of
wastewater,
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Table 7

PURPOSE OF WATER RECLAMATION PROJECTS AND RELATED
FRESHWATER SAVINGS (REPLACEMENT)

Pollution Control Water Supply Total

Number of Freshwater Number of Freshwater Freshwater

Region Treatment Savings, Treatment Savings, Savings,

Plants acre-feet/yr Plants acre-feet/yr | acre-feet/yr
1: North Coast 16 11,549 0 ¢ 11,549
2: San Francisco Bay 12 739 6 3,160 3,899
3: Central Coast 13 5,814 2 81 5,895
4: Los Angeles 5 382 15 58,918 59,300

5: Central Valley:

5F: Fresno 27 65,169 6 9,317 74,486
5R: Redding 4 396 2 171 567
55: Sacramento 30 25,751 3 159 25,910
6: Lahontan 13 5,499 4 639 6,138
7: Colorado River Basin - 4 2,335 3 3,979 6,314
8: Santa Ana 8 10,085 10 16,388 26,473
9: San Diego 8 1,932 9 2,254 4,186
Total 140 129,651 60 95,066 224,717

It is estimated that over 84 percent of reclaimed water use in
California in 1987 replaced fresh water. This occurred even though 70
percent (140) of the reclaimed water systems appear to have been constructed
as the cost-effective pollution control option. It is important to note
that, while reclaimed water use generally replaces fresh water, this
replacement does not always lead to an actual augmentation to the state's
overall water supply. Wastewater discharged to streams or percolation ponds
is available for indirect reuse through downstream diversions or ground water
pumping. Planned reuse directly from a wastewater treatment plant may be
substituting for an unplanned reuse of the same effluent taking place
downstream. An estimated 18 percent of urban wastewater produced statewide
was put to unplanned reuse in 1980 [3]. In the northern half of Region 5
unplanned reuse amoun*ed to 89 percent of total wastewater produced.

HWastewater discharged directly or indirectly to saline water bodies is
considered lost to the usable water supply; so its recovery for reuse is
clearly an augmentation of the state's available water supply. While not
quantified, it is known that many of the treatment plants in this survey
discharge directly or indirectly to the ocean or other saline water bodies.
Most certainly, reclaimed water is making a significant contribution to the
state's water supply.

Value of Reclaimed Water

There are a variety of financial arrangements between producers and
users of reclaimed water. Some of the factors that come into play are:

1. the role of water reclamation and reuse in meeting requirements for
wastewater treatment and disposal, and the resulting allocation of
costs to pollution control;

- 11 -



2. the need of the user for a water supply; and
3. the prevailing price of fresh water.

As shown in Table 8, where the needs for pollution control are the driving
force for reclamation and reuse, 77 percent of the systems provided the
reclaimed water at no cost, or even paid the user to accept the reclaimed
water. Systems driven by water supply needs charged for the reclaimed water
in 62 percent of the cases, and provided the water at no charge in only 38
percent of the cases. It seems an anomaly to provide reclaimed water for
free when the intent of a project is to serve water supply needs. However,
there are logical reasons for doing this. For about half of the cases, the
reclaimed water is used on a site owned by the agency operating the treatment
facitities, including municipal parks or golf courses or excess treatment
plant property where beneficial use of both land and wastewater can be
obtained through agricultural irrigation. In another case a private golf
course apparently obtained reclaimed water at no charge because its developer
paid for the wastewater treatment plant, now operated by a public agency.

A summary of the monetary exchanges for reclaimed water is shown in
Table 9. Generally, where users are charged for obtaining reclaimed water,
the price was Tess than $100/acre-foot. With one exception, higher prices
all occur in the metropolitan regions, where the competing freshwater
supplies are usually imported and treated for potable use. The highest price
identified in the survey was $514/acre-foot for a plant in Marin County. In
most of the cases where the unit price could not be determined, the agency
operating the wastewater treatment facilities leased both land and reclaimed
water to farmers for a single charge.

Table 8

VALUE OF RECLAIMED WATER BASED ON
WASTEWATER RECLAMATION SYSTEM PURPQSE AND REGION

Number of Systems Initiated Number of Systems Initiated
for Pollution Control for Water Supply
Region
User Was | User Not | User Was | User Was | User Not | User Was
Charged Charged Paid Charged Charged Paid
1: North Coast 2 13 1 0 ¢ 0
2: San Francisco 3 9 0 6 0 0
3: Central Coast 1 11 1 1 1 0
4: Los Angeles 0 5 0 9 6 0
5: Central Valley:
5F: Fresno 8 19 0 1 5 0
5R: Redding 2 2 0 2 0 0
55: Sacramento 8 21 1 0 3 0
6: Lahontan 0 13 0 2 2 0
7: Colorado River 2 2 0 1 2 [
8: Santa Ana 54 3 12 6 4 0
9: San Diego 38 5 18 9 0 0
Total 34 103 5 37 23 0

d For two plants users were charged for reclaimed water in summer and were paid to
accept the reclaimed water in winter,
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Table 9
PRICES OF RECLAIMED WATER, 1987

Number of Water Reclamation Plants Within Region?
Price Range,
$/acre-foot

1 2 3 4 5F S5R 55 6 7 8 9 Total

User Was Paid
>0-100 1 ¢ 0 0 0 0 0 0 0 1 1 3
Unit amount unknown 0 0 1 0 0 0 1 0 0 0 0 2

User Not Charged 13 9 12 11 24 2 24 15 4 7 5 126
User Was Charged

>0-100 0 2 2 7 4 3 3 1 1 7 2 32
>100-200 0 2 0 2 0 0 0 0 0 2 2 8
>200-300 0 0 0 1 1 0 o 0 0 2 3 7
>300-400 0 1 0 2 0 0 0 0 0 0 1 4
>400-500 0 c o o0 0 0 o 0 0 o 2 2
>500-600 0 1 6 0 0 0 o o 0o o ©0 1
Unit amount unknown 2 3 0 1 4 1 5 1 2 1 2 22
Totatl i6 18 15 24 33 6 33 17 7 20 18 207

8 Some plants are counted more than once because of different prices for
customers of given plant. Refer to Figure 2 for the location of the regions.

Treatment Levels

The survey determined the specific treatment processes used at each
water reclamation plant, as shown in Appendix B. To provide a general idea
of the overall levels of treatment being provided before reuse, four levels
of treatment were assigned by the Office of Water Recycling based on the unit
processes and on the types of reuse taking place:

1. Secondary, using oxidation pond treatment, including disinfection if
provided

2. Other secondary, such as, for example, activated sludge treatment,
including disinfection if provided

3. Title 22 tertiary, using filtration and other processes intended to
comply with the requirement in the reclamation criteria of the
California Department of Health Services, published in Title 22 of
the California Code of Regulations [4], for adequately disinfected,
oxidized, coagulated, clarified, filtered wastewater, or approved
equivalent. Usually secondary effluent is treated by the approved
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equivalent of "direct filtration", that is, coagulant addition and
mixing directly followed by filtration. The relevant regulations
are reproduced in Appendix C.

4. Other tertiary, consisting of any process following secondary
treatment, except tertiary intended to comply with wastewater
reclamation criteria in Title 22 of California Code of Regulations.

The distinction between the two categories of tertiary treatment was made by
interpreting the types of treatment processes jndicated and types of reuse
taking place. No attempt was made to determine actual permit requirements.
A1l of the wastewater treatment plants surveyed were found to provide at
least secondary treatment before reuse. With one exception chlorination is
believed to have been the sole method of disinfection before reuse. However,
many survey respondents did not specify the type of disinfection, as is
reported in Appendix B. The tertiary treatment processes found in the fourth
cateqgory were filtration, carbon adsorption, denitrification, air stripping,
and reverse osmosis. A summary of the levels of treatment provided is shown
in Table 10.

The levels of treatment provided for particular uses depend primarily on
requirements for health protection. These are specified in Title 22 of the
California Code of Regulations excerpted in Appendix C. Other factors
include irrigation system constraints, industrial or water quality needs, or
requirements for alternate discharge of effluent. A summary of treatment
levels provided for specific types of reuse is provided in Table 11.

Table 10

LEVELS OF TREATMENT PROVIDED BY
WASTEWATER TREATMENT PLANTS FOR REUSE

Number of
Level of Treatment Treatment Plants
Primary 0
Secondary - oxidation ponds 51
- other than oxidation ponds 86
Tertiary - "Title 22" (coagulation, 40

clarification, and filtration
or approved equivalent)

- any processes following 23
secondary treatment except
"Title 22" treatment train

Total 200
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Table 11
LEVELS OF WASTEWATER TREATMENT PROVIDED FOR TYPES OF REUSE

Number of Water Reclamation Plants Providing
Indicated Treatment

Type of Reuse Oxidation Other Title 22 Other
Ponds Secondary | Tertiary Tertiary | Total

Agricultural Irrigation:

Harvested feed, fiber and 12 20 i 1 34
seed crops

Pasture ' 23 25 4 3 55
Orchards and vineyards 3 4 2 1 10
Tree crops (Christmas trees, 2 1 0 0 3
firewood, pulp, etc.)

Nursery and sod crops 0 3 4 1 8
Food crop : 0 2 1 0 3
Mixed, other or unknown types of 11 19 3 3 36

agricultural products

Landscape Irrigation:

Schools, playgrounds, parks where 0 0 7 2 g
Title 22 tertiary effluent required

Freeway and highway landscape ¢ 0 8 4 12
Golf courses (including golf course q 13 24 8 49
jmpoundments)

Mixed, other or unknown types of 2 6 13 3 24

landscape (including street land-
scape, slope cover, parks where
tertiary effluent not required)

Landscape Impoundments (excluding 0 0 1 0 1
golf courses)

Recreational Impoundment 0 1 3 0 4

Wildlife Habitat Enhancement, 1 2 2 0 5
Wetlands

Industrial Reuse:

Cooling water 0 1 2 2 5
Process water 0 0 1 0 1
Construction, dust control, 1 1 1 1 4
washdown
Other or unknown types of 0 1 0 0 1
industrial reuse
Ground Water Recharge 0 0 5 0 5
Miscellaneous or unknown types 1 4 5 1 1}

of use or mixed types of above uses

Total 60 103 87 30 28028

a Total exceeds actual number of treatment plants because some plants serve several types of
reuse.
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In-plant Reuse

The reuse of treated effluent on the site of wastewater treatment plants
is probably common practice. However, only 42 plants reported that in-plant
use of reclaimed water took place. The data received are not included in the
table in Appendix B nor in any of the other summary data included in this
report. In-plant reuse has not been fully documented in this report because
amounts of in-plant reuse are usually not metered and only a small portion of
in-plant reuse appears to have been reported on survey questionnaires.
Nevertheless, the data that were collected are of interest.

0f the 42 plants reporting in-plant reuse, 23 reported other deliveries
of reclaimed water which are included in other sections of this report.
Nineteen plants reported only in-plant reuse. For 30 plants with sufficient
data, a median of 0.5 percent and an average of 3.4 percent of total plant
flow was reused on the plant site. The range was from 0.04 to 24.3 percent.

Typical in-plant uses cited were landscape irrigation, wash water,
chemical feed solution water, spray water to control surface foaming in
tanks, pump seal water, and equipment cooling water. The highest percentage
of in-plant reuse was reported at a plant where reclaimed water was used in
open-ended cooling systems without water recirculation.

- 16 -



I11. COMPARISON WITH PREVIOUS SURVEYS

Reclaimed water use increased by 45 percent in California in the decade
of 1977-1987, after a period of little increase since 1970. The drought of
1976-1977 appears to have stimulated state and local interest in wastewater
reuse. The California State Water Resources Control Board adopted the Policy
and Action Plan for Water Reclamation in California in 1977. Soon after, the
Office of Water Recycling was created. During the following few years the
SWRCB invested in nearly 50 local planning studies for water reclamation.

The inability to develop major water supply projects in recent years and
continuous population growth have reinforced the interest in and need for
local water resources development. In addition, infusion of large amounts of
federal and state funds for construction of new and upgraded wastewater
treatment facilities provided large volumes of highly treated wastewater.
This has resulted in many water reclamation projects to tap the treated
wastewater.

Comprehensive statewide and regional surveys of wastewater reclamation
and reuse have been published by the California Department of Water Resources
and Department of Health Services, covering various years as early as 1953.
The years 1970 and 1977 were selected for detailed comparison with the
results of the present survey for 1987 [5, 6].

As shown in Table 12, water reuse has increased from 175,220 acre-feet
in 1970 to 266,559 acre-feet in 1987. With the exception of industrial use
of reclaimed municipal wastewater, all types of reuse have increased in the
17-year period. The distribution amongst the types of reuse has remained
relatively consistent, with the exceptions of industrial use and wildiife
habitat.

Within the landscape irrigation category there has been a significant
increase in the number of golf courses using reclaimed water. There were 39
golf courses reported in the survey for 1977. In 1987 the number increased
to 63, which were at least partially irrigated with reclaimed water. This 62
percent increase in the prior decade is at least partially due to the desire
to protect the great investment golf courses have in landscaping, which is an
- essential attraction to golfing. During drought pericds, mandatory conserva-
tion requirements endanger this investment. Reclaimed water remains
available during drought and, thus, provides a secure water supply. Eight
additional golf courses are known to have been connected to reclaimed water
since 1987, bringing the total served by reclaimed water in 1990 to over 10
percent of the approximately 670 golf courses in California [7, 8].

Two significant declines in reported reuse have occurred since 1970 due
to different criteria for reporting. In 1970 one user in the San Diego
Region was reported to use 4,290 acre-feet of reclaimed water for golf course
irrigation and ground water recharge. The ground water recharge portion was
not reported in 1977 or 1987. Based on the information provided for 1987, it
appeared that the recharge was due to incidental stream bed percolation after
discharge of effluent and, therefore, did not meet the criterion of planned
reuse. The 1970 and 1977 surveys did not report reuse within the site of
wastewater treatment plants with two exceptions in the Los Angeles Region.

To be consistent with the criterion for the 1987 survey to exclude in-plant
reuse, this amount, over 6,000 acre-feet, is not reported in the current
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Table 12
COMPARISON OF WASTEWATER RECLAMATION SURVEYS BY TYPE OF REUSE

Volume of Reclaimed Water
1970b 1977¢ 1987
Types of Reused
acre-feet/yr | percent | acre-feet/yr | percent | acre-feet/yr | percent
of total of total of total
Agricultural 112,430 64 118,291 64 167,858 63
irrigation
Landscape 17,690 10 ' 20,326 11 35,231 13
irrigation and
impoundments
Industrial 10,320 6 11,886 7 6,034 2
use
Ground water 29,700 17 26,048 14 38,585 14
recharge
Recreational 4,970 3 6,765 4 6,905 3
impoundment
Wildlife 0 0 623 <1 9,773 4
habitat
Other or
mixed types 110 <1 2 <1 2,173 1
Total 175,220 100 183,941 100 266,559 100
Percent increase
from prior survey - 5 45

@ pmounts for individual plants or users that included more than one type of reuse have
been included in this table in the category of assumed predominant use, when appropriate.

b perived from Reference 5.

C perived from Reference 6.

numbers. Most of this in-plant use was for cooling and maintenance uses and,
therefore, appears in the industrial use category for the previous surveys.
This omission in the 1987 data accounts for the apparent significant decline
in industrial use.

The regional distribution of reuse is shown in Table 13 and Figure 3 for
the present and previous two surveys. The significant decline shown for the
San Diego Region is due to the omission of the ground water recharge
described above.

In addition to comparing the overall amounts as above, changes at each
plant were accounted for in the survey. Between 1970 and 1977, 113
wastewater treatment plants were added to the list of plants supplying
reclaimed water, while 89 plants were dropped from the list. Between 1977

- 18 -
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and 1987, 68 plants were added and 88 were dropped. An attempt was made to
document what happened to those plants that did not appear in subsequent

listings.

Some of the reascns found or suspected for a wastewater treatment plant
not appearing in the current survey are:

1.
2.

5.

Reuse was discontinued.

Treatment plant was shut down or converted to wet weather plant as
part of regional plant construction. ’

Different criteria were used to interpret the reuse reported in
prior surveys.

Changes in the name of the treatment plant or agency made it
difficult to make correlation with a current listing in the survey.

Treatment plant was inadvertently omitted in the 1977 or 1987
surveys.

Of the 177 plants dropped by the 1977 and 1987 surveys, there is not
sufficient information readily available to confirm the current situation of
91 of the prior listings, some of which may continue to reclaim water.
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IV. PROJECTS SINCE 1987

Since 1987 many new water reclamation projects or additions have
initiated operation, resulting in a significant increase in reuse. A list of
new projects or additions to existing systems that the Office of Water
Recycling has information on is shown in Table 14. The list does not include
all increases since 1987. The current added deliveries or design capacities
amount to approximately 48,460 acre-feet/year, an 18 percent increase over
1987.

Along with four projects already operating in 1987, nine of the projects
in Table 14 received grant or loan assistance from the SWRCB. A total of
$26.7 million has been provided by the SWRCB for design and construction of
these 13 currently operating water reclamation projects implemented for the
purpose of water supply benefits. The total deliveries from these projects
upon full implementation will be 20,163 acre-feet/year. Many others have
received SWRCB and federal assistance for water reclamation projects as part
of wastewater treatment and disposal improvements. The Metropolitan Water
District of Southern California has also provided significant financial
assistance through its Local Projects Program.
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Table 14

WASTEWATER RECLAMATION PROJECTS OR ADDITIONS STARTED AFTER 1987

Approximate New

Reclaimed Water Start of Type
Agency Deliveries or Operation of
Design Capacity, Reuse
acre-feet/yr
City of Cerritos 1,500 Spring 1988 | Landscape
irrigation
Coachella Valley 670 Fall 1988 Nursery irrigation
Water District
Desert Water 870 Fall 1988 Golf course
Agency irrigation
East Bay Dischargers 22,400 Spring 1988 | Freshwater
Authority marsh
East Bay Municipal 330 Summer 1989 | Golf course
Utility District irrigation
Eastern Municipal 4,500 Fall 1989 Wildlife habitat,
Water District fodder crops
Irvine Ranch 2,440 Summer 1989 | Landscape
Water District irrigation
City of Lakewood 440 Fall 1989 Landscape
irrigation
Long Beach 1,200 Summer 1989 | Landscape
Water Department irrigation
Los Angeles County 7,300 Summer 1983 | Ground water
Sanitation District recharge
City of Petaluma 550 Fall 1989 Golf course
irrigation
City of Santa 710 Summer 1989 | Landscape, golf
Barbara course irrigation
City of Santa Clara 440 Summer 1989 | Golf course
irrigation
Santa Margarita 2,560 Winter 1988 | Landscape
Water District irrigation
City of Santa Rosa 550 Spring 1989 | Golf course
irrigation
Trabuco Canyon 500 Summer 1989 | Landscape, golf
Water District course irrigation
Triunfo County 1,500 Winter 1989 | Landscape, golf
Sanitation District course irrigation
Total 48,460
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V. SURVEY PROCEDURE AND DATA BASE

This comprehensive survey took place over a period beginning about mid
1988 through the end of 1989. It consisted of the following steps:

1. Identification of wastewater treatment plants to survey

2. Design of questionnaire

3. Sending questionnaire and receiving completed questionnaires

4. Clarification of data in questionnaires through telephone contacts
5. Entry into and verification of data in computer.

The survey was initially intended to gather information on the
beneficial reuse of all treated municipal or industrial wastewater. The
scope was later narrowed to include only treated municipal wastewater. The
sources of names of potential wastewater treatment plants to survey included:

1. State Waste Discharge System data base of the State Water Resources
Control Board

2. Water reclamation plants identified in surveys by the Department of
Health Services for the years 1977 and 1983

3. Information provided by the Regional Water Quality Control Boards,
the Department of Water Resources, and individuals from other
agencies.

The questionnaire was designed to obtain data consistent with the
objectives of the survey and to be relatively short. A copy of the
guestionnaire is in Appendix A. About 750 questionnaires were mailed in mid
1988 in two mailings. Additional questionnaires were mailed in 1988 and 1989
when additional possible qualifying treatment plants were identified. A
second mailing was made in September 1988 to those failing to respond to one
of the first mailings. Recipients of the questionnaire included those
involved in the reuse of treated municipal or industrial wastewater.

After assessing the amount of effort required to complete a compre-
hensive survey including the reuse of industrial wastewater, it was decided
to confine this survey report to the reuse of domestic or municipal
wastewater. Thus, effort was concentrated on ensuring responses from
domestic or municipal wastewater treatment plants. Questionnaires from these
plants were thoroughly reviewed and telephone calls were made to most of
these respondents to clarify all responses.

A computer data base using the R:Base program was designed to include
all data on questionnaires. Data have been entered into computers for the
wastewater treatment plants listed in Appendix B as well as for a number of
other plants that used to provide or plan on providing reclaimed water and
some facilities involved in reuse of industrial wastewater.
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Despite a determined effort to include all uses of reclaimed domestic
and municipal wastewater in California in 1987, a few facilities were likely
not identified and did not receive a questionnaire. In addition, the
questionnaires from some respondents could not reliably be interpreted for
inclusion in this report, and some agencies did not respond after repeated
reminders. Based on a correlation of this survey with previous surveys, the
sketchy information available on some facilities, and the effort made to
account fully for all reuse in 1987, facilities missing from data in this
report are believed to be generally small, amounting to less than a total of
2,000 acre-feet/year and 10 wastewater treatment plants.

There were unexpected difficulties in conducting this survey, especially
because a high degree of accuracy and a near total response were essential
for credible reporting. Considerable time was spent contacting agencies to
obtain a response, reviewing questionnaires, and further contacting
respondents to clarify data. Establishing a new computerized data base and
accurately entering the data were also an unexpected challenge. Most
respondents, however, were very cooperative, and the result is a body of data
that can easily be retrieved with high selectivity. The Office of Water
Recycling is thankful to those who participated in this comprehensive survey.

Future surveys will be easier to undertake because of the experience
gained and improvements in the questionnaire and survey procedures. Readers
are encourajed to notify the Office of Water Recycling of corrections in the
data presented and suggest changes for future surveys.

The summary table in Appendix B does not include all data collected for
the listed facilities, nor any of the data for facilities not the subject of
this report. Other types of data collected can be seen by referring to the
questionnaire shown in Appendix A. These data are available by arrangement
with the Office of Water Recycling.
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Appendix A
SURVEY QUESTIONNAIRE
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Appendix B

LIST OF MUNICIPAL WASTEWATER
RECLAMATION FACILITIES
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Appendix D

LIST OF ABBREVIATIONS
AND CONVERSION TABLES
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LIST OF ABBREVIATIONS

AF = acre-foot

AQ = agquatic treatment

AS = activated sludge, including oxidation ditch
C = coagulation/flocculation

CA = California or carbon adsorption

CH = chlorination

Co. = Company

Comm Serv Dist = Community Services District
Cnty = County

CSD = County Sanitation District
CWD = County Water District

D = disinfection

DC = dechlorination

Dept = Department

DF = dissolved air flotation
Dist = District

F = filtration

Inc = Incorporated

Irr = Irrigation

MGD = million gallons per day

MWD = Municipal Water District

NR = denitrification

0P = oxidation ponds, including aerated lagoons
PS = primary sedimentation

PUD = Public Utility District
RB = rotating biological contactor
Reg = Regional
RO = reverse osmosis
= rotary screens
RWQCB = California Regional Water Quality Control Board
San = Sanitation
SD = Sanitary District
ST = air stripping
STP = Sewage Treatment Plant
SWRCB = California State Water Resources Control Board

TF = trickling filters
TP = Treatment Plant
UV = ultraviolet disinfection

W = wetlands
WD = Water District

WPCF = Wastewater Pollution Control Facility

WPCP = Water Pollution Control Plant

WQCF = Water or Wastewater Quality Control Facility
WQCP = Water Quality Control Plant

WRF = Wastewater Reclamation Facility

WRP = Water Reclamation Plant

WTF = Wastewater Treatment Facility

WTP = Wastewater Treatment Plant

yr = year
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CONVERSION TABLES

Vo lume
Cubic_Feet Acre-feet Cubic Meters
(ft3) Gallons (AF) (m3)
1 7.480520 2.2957 x 109 0.028317
0.13368 1 3.0689 x 10-6 0.0037854
43560 325850 1 1233.5
35.315 264.17 8.1071 x 10-4 1
Example: 1 ft3 = 7.480520 gallons
Flow Rate
Million
Cubic Feet Gallons Gallons Acre-feet Cubic Meters
Per Second Per Minute Per Day Per Year Per_Da
(cfs) (gpm) (MGD) (AF/yr) (m3/d
1 448.83 0.64632 723.97 2446.6
0.0022280 1 0.0014400 1.6130 5.4510
1.5472 694.44 1 1120.1 3785.4
0.0013813 0.61996 0.00089274 1 3.3794
0.00040873 0.18345 0.00026417 0.29591 1

Example: 1 AF/yr = 3,3794 m3/d
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